Molecular genetics tools have been used recently to investigate aspects of bat biology, including the degree of maleand female-driven gene flow among populations. However, none of this work has focused on the little brown bat (Myotis lucifugus), one of the most common bats in North America. Previous work using mark-recapture suggests that like many mammals, including other temperate vespertilionid bats, gene flow in this species is largely driven by males, whereas females return to the roosts in which they were born to rear pups. To determine if this species displays a pattern of population genetic structure that is consistent with this hypothesis I sampled 182 female M. lucifugus at 12 maternity colonies throughout Minnesota. Using a portion of the mitochondrial gene cytochrome b and 10 polymorphic nuclear microsatellites, I found significant structure among colonies, and population differentiation was slightly higher for the mitochondrial locus. This supports the hypothesis that female M. lucifugus display some degree of natal philopatry, but the inferred female dispersal rate was high. The pattern of structure was complex and demonstrates that unequal gene flow among maternity colonies is occurring and that the co-occurrence of breeding populations within maternity colonies and/or inbreeding could be confounding estimates of population genetic structure among these colonies. The patterns of population genetic structure and natal philopatry imply that both seasonal migration and dispersal by females should be considered as possible factors in the spread of emerging infectious diseases such as white-nose syndrome.
In the last decade the use of molecular genetic tools to investigate aspects of species' evolution, ecology, and behavior has become increasingly prevalent. These tools can be particularly useful for taxa whose secretive nature makes them difficult to observe directly, such as bats. The nocturnal nature of bats, and their flight, gregariousness, and seasonal movements, have long challenged our attempts to understand their natural histories (Burland and Worthington Wilmer 2001) . Recent molecular work has elucidated patterns of cryptic diversity (Racey et al. 2007) , migration (Bryja et al. 2009 ), mating patterns (Furmankiewicz and Altringham 2007; Rivers et al. 2005) , intraspecific competition (Senior et al. 2005) , and recent hybridization (Neubaum et al. 2007) , among other biological phenomena. One particularly common application for population genetics techniques in bats has been determining patterns of genetic structure among populations, and from this inferring the mode and frequency of dispersal and gene flow.
Research on the population genetic structure of bats has found that, like many mammals, gene flow is often male biased, whereas females typically show philopatry to the roosts or regions of their birth. This has been inferred from different patterns between male and female genetic structure (Arnold 2007) or from differences in intercolony gene flow in maternally and biparentally inherited markers (Castella et al. 2001; Chen et al. 2008; Kerth et al. 2002) . However, female natal philopatry appears to be more of a continuum than an absolute rule. Female Myotis bechsteini display remarkable maternity roost fidelity, with divergence in mitochondrial haplotype frequencies of 68% among colonies and no females ever having been observed moving between colonies (Kerth et al. 2000) . Conversely, a detailed investigation of relatedness within and among colonies of Eptesicus fuscus found that only 5-17% of females were roosting with a mother or daughter, which means that substantial movement of females occurs among maternity colonies, even when accounting for known juvenile and interannual adult mortality (Vonhof et al. 2008) . Nevertheless, genetic evidence of female philopatry has been found in this species and many others, including Plecotus auritus , Rhinolophus monoceros (Chen et al. 2008) , Nyctalus noctula (Petit and Mayer 1999) , Miniopterus schreibersii (Ramos Pereira et al. 2009 ), Myotis septentrionalis (Arnold 2007) , Myotis myotis (Castella et al. 2001) , and Myotis nattereri (Rivers et al. 2005) .
Despite the proliferation in the use of population genetics tools in bat research, remarkably little of this attention has been paid to the little brown bat, Myotis lucifugus. This is particularly surprising because it is among the better-studied species of bats (Fenton and Barclay 1980) . It is also one of the most abundant (Humphrey and Cope 1976) and widespread bats in the United States and Canada, with a range that spans both countries, with the exception of the desert southwest, the Arctic, and portions of the Gulf Coast (Reid 2006) . M. lucifugus most often forms maternity colonies in buildings and is a common house bat in the United States (Fenton and Barclay 1980) . Because buildings are relatively permanent features and roost permanency is strongly correlated with roost fidelity (Lewis 1995) , it has been hypothesized that M. lucifugus likely has high female natal philopatry for its maternity roosts. This has been supported by mark-recapture of banded bats. A comprehensive study of banded M. lucifugus by Humphrey and Cope (1976) led the authors to conclude that nursery populations were distinct units and females rarely moved among nursery colonies. However, comparison of DNA fingerprints from adult females at maternity colonies found that females within colonies were not more related to each other than to random females from other colonies (Watt and Fenton 1995) , which would not be the expectation if mothers and daughters returned to the same roosts every year. Beyond informing our knowledge of the natural history of the species and helping managers determine how important individual roost colonies are, knowledge of the degree of female natal philopatry, sex-biased dispersal, and intracolony genetic structure could help us understand the mechanisms of the spread of emerging infectious diseases such as white-nose syndrome that has decimated hibernating bat colonies in eastern North America (Frick et al. 2010) . Male and female dispersal could influence the movement of the fungus Geomyces destructans into uninfected areas. Although the transmissibility of G. destructans spores between nontorpid individuals has not been established, it is known that banded individuals recovered at different hibernacula can occupy the same summer roosts (Humphrey and Cope 1976) , and thus it is possible that contact among individuals from different hibernacula could influence the spread of the disease at maternity colonies.
In my study a combination of mitochondrial and nuclear genetic markers were used to determine the extent of population genetic structure among maternity colonies of M. lucifugus. If females return to the same place every year to raise young, the expectation would be significant differences in allelic frequencies among those colonies. Because mitochondrial DNA (mtDNA) genes are inherited only maternally in mammals, intercolony genetic structure in mtDNA sequences can provide information about female dispersal and philopatry. In contrast, because mating in this species occurs during swarming at hibernacula, in addition to the beginning of the torpid phase before hibernation (Thomas et al. 1979) where females from many maternity colonies can congregate, and individuals occasionally have been documented at multiple hibernacula (Humphrey and Cope 1976) , gene flow is likely much higher in biparentally inherited markers such as nuclear DNA. Therefore, less intercolony structure should be present in these markers. Fig. 1 ). All collecting in 2009 was conducted between late May and early July; 2010 sampling occurred between early July and the middle of August. Bats were sampled by mist netting during their emergence from roost structures or hand collected from bat houses or from buildings during the day. Colonies were sampled only once to avoid the possibility of sampling the same individual twice. Captured bats were held in a sanitized holding container for up to 1 h to facilitate collection and processing. Individuals were sexed and weighed, their reproductive status was recorded, and they were aged by viewing the wings with a backlight to determine the presence of visible cartilaginous areas of the finger bones (Brunet-Rossini and Wilkinson 2009). Only adult females were included in the analyses described below.
MATERIALS AND METHODS
A sterile 3-mm biopsy punch was used to take a tissue sample from the plagiopatagium of each bat. Wing punches were performed on a gridded, sterilized board to minimize risk of cross-infection of bats or cross-contamination of samples, and a new biopsy punch was used for each bat. Empirical evidence demonstrates that wing-punch wounds in lactating female M. lucifugus heal within approximately 2 weeks (Weaver et al. 2009 ), so the use of this technique to gain genetic data is likely fairly benign. Samples were placed immediately into 100% ethanol and then stored at 280uC pending lab work. Simmons and Voss (2009) suggested taking a voucher specimen when sampling with wing punches in case of problems arising from field misidentification; however, I chose not to take voucher specimens because of the relatively small size of the sampled maternity colonies (12-200 individuals) and because only 1 lineage of the M. lucifugus/evotisspecies complex is thought to occur in eastern North America (Carstens and Dewey 2010; Dewey 2006) . Individuals were released after sampling and were handled in accordance with guidelines of the American Society of Mammalogists (Sikes et al. 2011 ) and the Institutional Animal Care & Use Committee of the University of Minnesota.
DNA extraction and amplification.-DNA was extracted from wing punches using a Qiagen DNEasy Blood & Tissue Kit (Qiagen Inc., Valencia, California) following the manufacturer's protocol, except that tissue samples were digested for up to 48 h in lysis buffer with 20-40 ml of proteinase K. A 654-base-pair fragment of the mitochondrial gene cytochrome b (Cytb) was amplified and sequenced for each individual using the forward primer F504 (GTGAATCTGAGGTGGCTT-TTCCG) and the reverse primer R1181 (CATCTCCGGTTTA-CAAGACCAGT). Polymerase chain reaction (PCR) was carried out in 12.5-ml reaction volumes using 1 ml of undiluted template DNA, 0.5 ml of each primer, 6.25 ml of GoTaq Master Mix (Promega Inc., Madison, Wisconsin), and 4.25 ml of nucleasefree water. PCR began with an initial denaturing step of 2 min at 95uC, followed by 5 cycles each of 30 s at 56, 55, and 54uC, then 25 cycles of 30 s at 53uC and concluded with a final elongation step of 7 min at 72uC. PCR products were cleaned of unincorporated nucleotides before sequencing using exonuclease I and shrimp alkaline phosphatase (Hanke and Wink 1995) . PCR products were sequenced in both directions with amplification primers using an ABI 3730 automated sequencer (Applied Biosystems Inc., Carlsbad, California). Sequencher 4.7 (GeneCodes Inc., Ann Arbor, Michigan) was used to compile and edit the sequences. All sequences have been deposited in GenBank (JF899346-JF899527).
In addition to the mitochondrial sequence, 10 nuclear microsatellites previously developed for other species of bats were amplified: MME24, MMG9, MMH19, MMD9, MMD15, MMF19 (Castella and Ruedi 2000) , BE22 (Kerth et al. 2002) , and EF5, EF6, and EF21 (Vonhof et al. 2002) . All of these had been found to be present and polymorphic in this species (Lausen et al. 2008a) . PCR was carried out in 12.5-ml reaction volumes. Each reaction contained 1.0 ml of DNA, 6.0 ml of GoTaq Master Mix (Promega Inc.), 0.2 ml of the forward primer with a preceding M13 sequence added (TGTAAAACGA-CGGCCAGT), 0.2 ml of reverse primer with a following pigtail end added (GTTTCTT), 0.5 ml of a fluorescent dye-labeled M13 complementing sequence, and 4.6 ml of nuclease-free water. All microsatellite PCR began with an initial denaturing step of 2 min at 95uC and was completed with a final elongation step of 10 min at 72uC. Each cycle consisted of a 30-s denaturing step at 95uC, a 30-s annealing step, and a 45-s elongation step at 72uC. Annealing temperatures were optimized for each primer pair on several samples using a gradient PCR. For data generation a 2-temperature touchdown technique was used such that 25 cycles at 1 annealing temperature were followed by 25 at a second, lower temperature. Annealing temperatures were 50/47uC for MME24, MMG9, MMH19, MMD9, EF5, and EF21, 54/52uC for MMD15, 48/46uC for MMF19 and EF6, and 44/42uC for MYBE22. Fragment analysis was conducted using an ABI 3730 capillary instrument (Applied Biosystems Inc.), and GeneMarker v1.91 (Softgenics LLC, State College, Pennsylvania) was used to visualize the instrument data. Fragment size calls were binned into discrete alleles using TANDEM (Matschiner and Salzburger 2009 ) before statistical analysis.
Sequence analysis.-Cytochrome-b sequences were compiled, edited, and imported into Geneious 4.8.5 (Biomatters Ltd., Auckland, New Zealand) for assembly and exported as a FASTA file. Geneious was used to generate a neighborjoining tree with a GenBank Cytb sequence of M. septentrionalis (AY883911) as an outgroup to ensure that I had not accidentally sampled any individuals of that species. Data were imported into DnaSP v5 (Rozas et al. 2009 ) that was used to generate DNA polymorphism data for the overall data set. The Gene Flow and Genetic Polymorphism function was used to calculate pairwise F ST values for each set of colonies and to calculate a series of population differentiation indices with statistical significance determined by 1,000 permutations of sequences among colonies. These indices included haplotype-based (x 2 , H s , H st ) and sequence-based (S nn , K s , K st , K st *, Z, and Z*) statistics (Hudson 2000; Hudson et al. 1992a ). DnaSP also was used to calculate estimates of migration rate (N m ) using both haplotype-and sequence- Two colonies in the northern part of the state are only 4.7 km apart and thus are difficult to distinguish at this scale. Definitions for locality abbreviations are given in Table 1. based models. As an alternative measure of the partitioning genetic variance within and among maternity colonies, an analysis of molecular variance (AMOVA; F ST ) was conducted in Arlequin 3.11 (Excoffier et al. 2005) .
Microsatellite analysis.-MicroChecker was used to test for homozygote excess that can be explained by stutter, null alleles, and large allele dropout (Oosterhout et al. 2004 ). Arlequin 3.11 was used to conduct exact tests of linkage disequilibrium overall and within colonies and to perform exact tests for departure from Hardy-Weinberg equilibrium (HWE). Because of the potential bias associated with conducting multiple tests, resulting P values were Bonferroni corrected. Arlequin was also used to estimate pairwise F ST values among colonies to assess which colonies were significantly differentiated from others. FSTAT was used to generate locus-specific and global F statistics (Weir and Cockerham 1984) and to perform exact G-tests of population differentiation by randomizing alleles (assuming random mating within samples) and a log-likelihood G-test, which randomized complete multilocus genotypes (not assuming random mating) using 5,000 randomizations each (Goudet et al. 1996 ). An AMOVA also was conducted on the microsatellite data in Arlequin.
Structure.-In addition to using the above measures of genetic differentiation to understand patterns of gene flow among the maternity colonies, the program STRUCTURE 2.3.1 (Pritchard et al. 2000) was used to determine the number of genetically distinct population clusters (K) with the highest likelihood. The admixture model was implemented with the location prior. The program documentation recommends using the correlated allelic frequencies option as a default but acknowledges that departure from Hardy-Weinberg expectations can cause overestimation of the number of populations, so I ran the program with both correlated and independent allelic frequencies. STRUCTURE was run for 500,000 steps with a burn-in period of 100,000 steps for K 5 1-13. Each K was repeated 5 times to ensure that output values among models converged. Delta K methods (Evanno et al. 2005) were used as implemented in Structure Harvester v0.6 (http://taylor0.biology.ucla.edu/struct_harvest) to determine the appropriate K value given the data.
Isolation by distance.-Isolation by distance (IBD), or a correlation between genetic and geographic distance, could be expected to result if dispersal among populations is infrequent, and has been documented in species of bat that display female natal philopatry (Chen et al. 2008 ). However, other species fail to show IBD, even at quite large scales (Furmankiewicz and Altringham 2007) . The degree to which species display IBD, or the contrast between IBD in mtDNA and nuclear markers, can be important evidence for sex-biased gene flow (Kerth and Petit 2005) . Alternatively, if the populations are not in driftmigration equilibrium, lack of IBD could indicate that the use of estimates of population differentiation such as F ST is inappropriate (Hutchison and Templeton 1999) . To assess the degree of IBD in populations of M. lucifugus, matrices of pairwise standardized F ST values (F ST /[1 2 F ST ]) were used for both nuclear microsatellites and Cytb among colonies and a matrix of geographic distance between colonies derived using the point distance function in ArcGIS 9.2 (ESRI, Redlands, California). These matrices were input into the IBD web service (Jensen et al. 2005 ), which conducts reduced major axis regression and Mantel tests (r). Tests were run with 30,000 randomizations, and in addition to using the raw values, the same tests were repeated with all combinations of log values of genetic and geographic distance to account for the possibility of nonlinear relationships among the data.
RESULTS
Genetic diversity and heterozygosity.-One hundred eightyfour adult female M. lucifugus were genotyped for the 10 microsatellites, and of these, 182 produced usable Cytb sequences. It appeared that 25-50% of the adult females present in each colony were sampled, with the exception of the much larger colonies at Gooseberry Falls State Park, Lakeville, and Doyle-Kennefick Regional Park. A total of 37 unique Cytb haplotypes was recovered. Haplotype diversity was relatively high at all sites except Whitewater State Park (Table 1) . Genotypic diversity for microsatellites was high at all colonies; however, heterozygosity was much lower than expected at all sites (Table 1) .
Every locus deviated from HWE expectations in 2-11 colonies, and every colony contained 2-6 loci that significantly deviated from HWE expectations after Bonferroni corrections. No pattern to which loci were out of equilibrium was evident, with the exception of MMD9, which had significant homozygote excess in 11 of 12 colonies. Significant linkage disequilibrium existed among many pairs of loci within colonies, and the between-colony pattern of which loci were linked was completely inconsistent. All colonies showed high inbreeding coefficients (F is ; Table 1), and these were all significantly .0 after randomization in FSTAT. MicroChecker also found a significant surplus of homozygotes relative to expectations. No evidence existed for alleles being masked by stutter or of large allelic dropout. This pattern often has been interpreted to suggest the presence of null alleles. To test for evidence of these null alleles the published unassembled genome of M. lucifugus was used to develop primers that flanked 4 of the microsatellites and their priming sites (MMG9, MMD15, EF6, and MMF19), and 3 putative homozygotes were sequenced for each locus. Of these, the MMD15 primers were identical to each of the 3 individuals' priming sites; EF6 and MMF19 each had a single fixed substitution, and MMG9 had a fixed 1-base deletion in its forward priming site. None of the sequences showed polymorphism among or within individuals at any of the priming sites for these loci, suggesting that these were true homozygotes.
Population genetic structure.-All but one measure of population differentiation using Cytb sequences showed statistically significant structure among colonies (x 2 396 5 475.51, P 5 0.0037; H s 5 0.82, H st 5 0.01, P 5 0.1560; K s 5 4.69, K st 5 0.03, P 5 0.034; K s * 5 1.48, K st * 5 0.03, P 5 0.032; Z 5 8031.60, P 5 0.045; Z* 5 8.73, P 5 0.045; S nn 5 0.15, P , 0.0001). The overall F ST calculated using mitochondrial sequence data (Hudson et al. 1992b ) was 0.042, and the overall migration rate among colonies was N m 5 11.40. F ST calculated from AMOVA was 0.03452 (P 5 0.0362), meaning that 96% of genetic variance was within colonies but some weak statistically significant structure was detected among colonies. Pairwise F ST values between colonies varied dramatically and ranged from effectively 0 to as high as 0.29 (Table 2) .
AMOVA of the nuclear microsatellite data indicated weak but statistically significant structure among the sampled maternity colonies, with an F ST across all colonies and loci of 0.029 (P , 0.0001), and population-specific F ST values ranged from 0.027 for Itasca State Park to 0.032 at William O'Brien State Park (Table 1) . Exact G-tests (not assuming random mating within samples because of the detected deviation from HWE) supported significant population differentiation (P 5 0.0001). Pairwise F ST values between colonies were relatively low and ranged from 0 to 0.0575 (Table 2) .
STRUCTURE runs with independent and correlated allelic frequencies gave dramatically different results (Table 3 ). The delta K was highest for K 5 11 for the microsatellite-only model with independent alleles and for K 5 8 for the independent alleles model, which included mitochondrial haplotype data; however, these are unlikely to represent the true number of populations. Delta K cannot be calculated for the lowest included value of K, and in this case the lowest absolute log likelihood for each of those models is K 5 1. In the correlated allele frequencies models the microsatelliteonly model indicated the presence of 8 populations, whereas the addition of the mitochondrial data reduced this to K 5 4. Isolation by distance.-No significant relationship was detected between population differentiation (pairwise F ST ) and geographic distance in either mitochondrial (n 5 12, r 5 0.15, P 5 0.1159) or nuclear microsatellite (n 5 12, r 5 0.09, P 5 0.2116) data sets (Tables 2 and 3 ). The fit was slightly higher for the microsatellite data if the log geographic distance was used instead of the raw value, but this model remained statistically insignificant (n 5 12, r 5 0.1454, P 5 0.1145).
DISCUSSION
Significant population genetic structure existed among maternity colonies of little brown bats in both the maternally and biparentally inherited markers. Population differentiation was slightly higher for the mitochondrial data. Higher mitochondrial structure with weak or absent nuclear structure is generally consistent with a pattern of female natal philopatry, as has been found in other members of the genus Myotis (Arnold 2007; Castella et al. 2001; Kerth et al. 2002; Rivers et al. 2005) . The low nuclear structure concurs with past behavioral and observational work suggesting that mating in this species takes place at hibernacula (Thomas et al. 1979) , which might homogenize the nuclear gene pool among colonies within a hibernaculum's catchment area (Rivers et al. 2005) . Additional homogenization might occur among hibernacula, caused by a low but occasional rate of individuals shifting to a new hibernaculum (Humphrey and Cope 1976) . Nonetheless, the difference between F ST values for mitochondrial and nuclear markers is low. Mutation rates of microsatellites are correlated with allelic length (Neff and Gross 2001) , making it difficult to compare differentiation among microsatellites, or between microsatellites and mitochondrial sequences. Therefore, without very strong mitochondrial differentiation (Kerth et al. 2000) a slightly higher F ST for a maternally inherited marker is not enough to conclude that dispersal is sex-biased. However, the estimated migration rate from only Cytb was high, and mutation rate is likely a negligible contributor to F ST under high-migration scenarios (Balloux and Lugon-Moulin 2002) , so the observed differences in biparental and maternal marker fixation indices is more likely a result of differences in effective population sizes of those markers and real, gene-flow-driven differentiation. Although it is possible to disentangle male and female dispersal components using female-only genetic material (Castella et al. 2001; Petit et al. 2001) , that method would not be appropriate in this case. At low F ST values a small error in calculated F ST due to sampling has a very large impact on the inferred migration rate because of the proportional relationship between F ST and N em (migration rate times effective population size). The small and relatively similar values of mitochondrial and nuclear F ST in this study mean that any F ST -derived male dispersal values could be subject to substantial error, and the difference is also within the range expected, given the 4-fold difference in effective population size of these markers. Structure among maternity colonies could be evidence of weak philopatry; however, no strong evidence exists that dispersal in M. lucifugus is male biased. This is concordant with earlier DNA fingerprinting of M. lucifugus, which suggested that within-colony female relatedness was lower than might be expected under strict maternity colony fidelity (Watt and Fenton 1995) .
All colonies showed reasonably high mtDNA haplotype diversity, but the pattern of how that diversity was arrayed among the colonies was inconsistent. Some colonies had high pairwise F ST values, suggesting that they seldom exchanged migrants, whereas others did not differ significantly from zero. The estimate of 11 intercolony female migrants per generation was high. This pattern also was observed recently in a study of E. fuscus, which suggested that population genetic structure was present but dispersal by females was probably a more important component of gene flow than had previously been thought in some bats (Vonhof et al. 2008) .
The presence of homozygote excess at every locus in at least 1 colony, and at some loci in nearly every colony, could have several explanations. Deviation from HWE and a surplus of homozygotes in microsatellite data often are assumed to result from laboratory artifacts such as the drop-out of large alleles during amplification, true heterozygotes that appear homozygous because of the presence of stutter bands that obscure a 1-repeat shorter allele, and the presence of null alleles. MicroChecker did not detect allelic frequency patterns within the populations that would support either of the former 2 explanations but suggested that null alleles could be present. Although the program is capable of providing adjusted allelic frequencies to compensate for the presence of null alleles, this method is unsatisfactory for a number of reasons in this case. In correcting the allelic frequencies one is forced to assume the existence of a single null allele, which seems unlikely given the rapid mutation rate of microsatellites, especially given the presence of so many alleles at each locus in the sampled metapopulation. It is also improbable that rampant null alleles exist at 10 loci (Durrant et al. 2009 ), particularly considering that none of the 4 loci sequenced displayed polymorphism in the priming site that could cause differential amplification resulting in a null allele. Furthermore, assuming that null alleles cause the homozygote excess might exclude a more plausible biological explanation for the pattern.
Deviations from genotypic expectations under HWE can result from such factors as selection, population structure, and nonrandom mating. Selection is unlikely to be acting on 10 noncoding loci, but 1 of the latter 2 mechanisms, or a combination thereof, could play some role in this population. One issue is deeming the maternity colonies to be populations. It is possible that individuals within colonies do not hibernate and mate at the same hibernacula. Therefore, assuming these alleles within these colonies are equally likely to be joined as gametes could be unrealistic. Wahlund effect alone might account for the deficiency of heterozygotes within maternity colonies because many small (up to tens of individuals) hibernacula occur in the region (Nordquist 2000) . Because mating appears to take place at hibernacula in this species (Thomas et al. 1979) , and evidence exists for nonrandom mating, with few males or male lineages siring offspring within maternity colonies (Watt and Fenton 1995) , some inbreeding might be occurring at these scattered small hibernacula. The meeting of females from these inbred winter colonies at summer maternity colonies with other females from colonies small or large could explain both the homozygote excess and the high inbreeding coefficients detected in this study. An identical pattern was detected in a peripheral population of M. bechsteinii in Great Britain (Durrant et al. 2009 ). Further elucidation of these patterns will require genetic sampling of hibernating bats at small winter colonies to determine if within-population evidence of inbreeding can be found. If F IS values and homozygote excess indicate true inbreeding, these small populations might be particularly susceptible to white-nose syndrome. Regardless of whether they result from inbreeding, population structure, or both, these results suggest that although M. lucifugus can form winter colonies of hundreds of thousands of individuals, small colonies might play a disproportionate role in shaping the population genetic structure of this species, at least in this study region.
STRUCTURE results, unfortunately, do not help disentangle the alternative hypotheses of inbreeding or hibernacula-derived substructure in the maternity colonies. The independent alleles model, which indicates no population structure, is the most appropriate model for cases where deviations from HWE exist for reasons other than substructure. If inbreeding occurs, this model would suggest that M. lucifugus comprises 1 population that freely exchanges individuals, but with uneven reproductive success by males at individual hibernacula. If the detected heterozygote deficiency results from substructure within colonies due to the presence of multiple breeding populations, the calculated delta K suggests that the sampled region contains 4-8 breeding populations that do not correspond to maternity colony boundaries. This is intuitively plausible, but the individual assignment probabilities for models with 4 or 8 populations contain a vast majority of individuals in a single population and no individuals with high likelihood of assignment to any other single population. Therefore, regardless of the reason for the deviation from HWE allelic frequencies, STRUCTURE seems to indicate that the sample consists of a single breeding population.
Exhaustive surveys of potential hibernacula in Minnesota found that roughly 99% of M. lucifugus in the state hibernate in 1 of 2 adjacent sand mines along the Mississippi River, and the vast majority of the remainder hibernate in 2 other mines and 1 natural cave (Nordquist 2000) . The presence of anthropogenic winter habitat might have provided either substantial recent population growth or immigration into what was previously peripheral range for the species because it held relatively few suitable hibernating sites. It is possible that the regional population or metapopulation is not in driftdispersal equilibrium. Lack of IBD has been suggested as 1 indicator of nonequilibrium populations (Hutchison and Templeton 1999) . However, regional migrants like M. lucifugus have moved hundreds of kilometers in a matter of days (Humphrey and Cope 1976) . If geographically mediated dispersal alone could bring these populations into equilibrium, equilibrium should have been reached already. Furthermore, IBD appears to be weak (Durrant et al. 2009 ) or lacking (Bryja et al. 2009; Furmankiewicz and Altringham 2007; Rivers et al. 2005 ) in many hibernating, migratory bats because of their vagility. Castella et al. (2001) argued that in another species of Myotis, which was shown to be capable of dispersal throughout their study area, an island model would be appropriate. I suggest that it would not be geographic distance that results in the pattern of connectivity and isolation among populations of this species but some combination of landscape variables (Clark et al. 2008; Cushman et al. 2006; Lausen et al. 2008b; Savage et al. 2010) . The mechanism regulating gene flow and isolation among those colonies requires further investigation in a landscape genetics framework. This information could be useful both to prevent fragmentation into isolated populations and to understand how humans might facilitate secondary contact among evolutionarily divergent lineages, as has been demonstrated in E. fuscus (Neubaum et al. 2007 ).
Population genetic structure exists among maternity colonies, which supports the hypothesis of some female natal philopatry found in previous mark and recapture work (Humphrey and Cope 1976; Neilson and Fenton 1994) . Therefore, the protection of roost structures is important to maintaining local summer populations, particularly considering that banded females appear to disappear from the area after exclusion from a previous maternity roost (Neilson and Fenton 1994) . However, the migration rate detected among the summer roosts suggests that females frequently emigrate to new maternity colonies. Coupled with the likelihood that females from different winter hibernacula meet at the same summer colonies, both male and female dispersal and seasonal migration might facilitate the movement of white-nose syndrome to uninfected areas. Much still is to be learned about this relatively well-studied and abundant, but recently imperiled (Frick et al. 2010) , species.
